UNCLASSIFIED 
AD  NUMBER 


AD030435 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative /Operational  Use;  MAY  1954. 
Other  requests  shall  be  referred  to 
National  Aeronautics  and  Space 
Administration,  Washington,  DC. 

AUTHORITY 

22  Jul  1959  per  NASA  Tech  Pub  Announcemnt 
no.  8 dtd  26  Aug  1959;  6 Nov  2006  per  NASA 
Tech  Repts  Server  website 


THIS  PAGE  IS  UNCLASSIFIED 


Armed  Services  Technical  Information  flgenc 

Because  of  our  limited  supply,  you  are  requested  to  return  this  copy  WHENIT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requesters.  Your  cooperation 
will  be  appreciated. 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  TEE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 

Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING,  0 AYTOR.  2.  OHIO 


r 


n 


\ 


NOTICE:  THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE 
NATIONAL  DEFENSE  OF  THE  UNITED  STATES  WITHIN  THE  MEANING 
OF  THE  ESPIONAGE  LAWS,  TITLE  18,  U.S.C.,  SECTIONS  793  and  794. 
THE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENTS  IN 
ANY  MANNER  TO  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY  LAW. 


RESEARCH  MEMORANDUM 


PERFORMANCE  OF  WEDGE-TYPE  BOUNDARY  LAYER  DIVERTERS 

FOR  SIDE  INLETS  AT  SUPERSONIC  SPEEDS 

By  Robert  C.  Campbell  and  Emil  J.  Kremzier 

Lewis  Flight  Propulsion  Laboratory 
Cleveland,  Ohio 


CLASSIFIED  DOCUMENT 

Thia  mat*  rial  contains  Information  affactinf  tbt  National  Dtfanat  of  tba  Uni  tad  Stats*  within  tba  maanlac 
of  tba  aaplonaf*  law*,  TIU*  18,  U.S.C.,  Sac*.  7W  and  7W,  tba  trammla*lon  or  r*v*laUon  of  which  In  any 
mannar  to  an  unautborlsad  parson  la  prohlbitad  by  law. 

NATIONAL  ADVISORY  COMMITTEE 
FOR  AERONAUTICS 

WASHINGTON 

May  13,  1954 

CONFIDENTIAL 


£</AA-  3 a yya 


NACA  RM  E54C23 


CONFIDENTIAL 


NATIONAL  ADVISORY  COMMITTEE  FOR  AERONAUTICS 
RESEARCH  MEMORANDUM 

PERFORMANCE  OF  WEDGE-TYPE  BOUNDARY-LAYER  DIVERTERS  FOR 
SIDE  INLETS  AT  SUPERSONIC  SPEEDS 
By  Robert  C.  Campbell  and  Emil  J.  Kremzier 


SUMMARY 

An  experimental  investigation  to  determine  the  effect  of  several 
wedge-type  boundary-layer  diverters  on  drag  and  inlet  pressure  recovery 
has  been  conducted  in  the  Lewis  8-  by  6-foot  supersonic  wind  tunnel  at 
free-stream  Mach  numbers  of  1.5,  1.8,  and  2.0.  The  model  investigated 
consisted  of  two  rectangular  ramp-type  inlets  mounted  on  the  NACA  RM-10 
body  of  revolution. 

Results  indicated  that  for  wedges  of  60°  and  100°  included  angle, 
inlet-body  drag  was  9 to  15  percent  higher  than  for  wedges  of  16° 
included  angle.  Since  increases  in  diverter  wedge  angle  Increased  the 
model  drag  with  some  decrease  in  inlet  pressure  recovery  for  the  higher 
angles  in  their  forward  position,  it  appears  aerodynamically  desirable 
to  keep  the  diverter  included  angle  at  or  near  16°.  Ducted  wedges  showed 
increases  in  drag  over  most  of  the  comparable  closed-wedge  configurations 
and  an  increase  in  pressure  recovery  over  comparable  closed-wedge 
diverters  at  the  inlet  ramp  leading  edge. 


INTRODUCTION 

Efficient  performance  of  a side  inlet  obtained  through  removal  of 
the  fuselage  boundary  layer  ahead  of  the  inlet  is  usually  accompanied  by 
increases  in  configuration  drag  which  at  least  partially  offset  the 
benefits  of  improved  inlet  performance.  Recent  studies  that  have  been 
undertaken  to  evaluate  the  relative  merits  of  various  boundary-layer 
diverter  systems  have  presented  either  the  effects  on  inlet  performance 
(ref.  l)  or  the  variation  of  diverter  pressure  drag  (ref.  2). 

In  order  to  determine  and  relate  the  effects  on  both  total  drag  and 
inlet  performance  of  the  angle  and  longitudinal  position  of  closed-  and 
ducted -wedge-type  boundary-layer  diverters , an  investigation  was  conducted 
in  the  NACA  8-  by  6-foot  supersonic  wind  tunnel.  A series  of  diverter 
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configurations  was  tested  at  free- stream  Mach  numbers  of  1.5,  1.8,  and 
2.0  in  conjunction  with  two  horizontally  opposed  ramp-type  side  inlets 
mounted  on  the  NACA  RM-10  body  of  revolution. 


STMBOLS 


The  following  symbols  are  used  in  this  report: 
maximum  frontal  area  of  model,  0.2765  sq  ft 
inlet  capture  area,  0.0233  sq  ft 

external  drag  coefficient  based  on  maximum  frontal  area,  drag/qQAf 
wedge  pressure  drag  coefficient  based  on  frontal  area  of  diverter 


inlet-diffuser  mass-flow  ratio, 


inlet-diffuBer  mass  flow 
POvOAi 


p total  pressure,  lb/sq  ft 

q dynamic  pressure,  lb/sq  ft 

r body  radius,  in. 

s distance  from  leading  edge  of  ramp  to  vertex  of  diverter,  in. 

V velocity,  ft/sec 

x body  station 

8 boundary-layer  thickness,  in. 

0 wedge  diverter  included  angle,  deg 

p mass  density  of  air 

Subscripts : 

0 free  stream 

2 diffuser-discharge  survey  station,  model  station  66.5 
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APPARATUS  AND  PROCEDURE 

A schematic  diagram  of  the  model  is  presented  in  figure  1.  Two 
rectangular-type  inlets  were  mounted  horizontally  opposed  on  the  RM-10 
body  of  revolution  with  their  cowl  lips  at  fuselage  station  45. 

Details  of  the  boundary-layer  diverter  configurations  tested  are 
shown,  and  wedge  angles  and  longitudinal  positions  are  tabulated  in 
figure  2.  Vertices  of  the  closed  wedges  were  located  longitudinally 
at  the  inlet  ramp  leading  edge,  0.4  inch  aft  (l  boundary-layer  thickness) 
and  0.8  inch  aft  of  the  ramp  leading  edge.  Ducted -wedge  vertices  were 
located  at  zero  and  0.4  inch  aft  of  the  ramp  leading  edge.  The  ducted 
wedges  at  their  leading  edges  had  duct  widths  equal  to  one-third  the 
inlet  width.  Captured  boundary-layer  mass  flow  was  then  ducted  to  the 
side  approximately  6 inches  downstream  (fig.  2(b)).  The  boundary-layer 
bleed  height  of  0.4  inch  used  throughout  the  test  was  approximately 
equal  to  the  boundary-layer  thickness  at  zero  angle  of  attack,  while 
diverter  frontal  areas  were  about  0.0082  square  foot. 

Details  of  the  inlet  and  variations  in  the  diffuser  cross  section 
are  shown  in  figure  3.  The  14°  compression  surface  was  curved  to  conform 
to  the  local  body  radius,  and  the  internal  cowl-lip  angle  was  12°.  The 
inlet  was  designed  so  that  the  oblique  shock  generated  by  the  leading 
edge  of  the  ramp  would  fall  slightly  ahead  of  the  cowl  lip  at  a free- 
stream  Mach  number  of  2.0.  Capture  area  of  each  inlet  was  0.0233  square 
foot  and  the  total  capture  area  of  both  inlets  comprised  about  23.7 
percent  of  the  basic  fuselage  frontal  area.  Internal  fillets  were  used 
to  eliminate  sharp  corners  in  the  subsonic  diffuser.  Variation  of  the 
diffuser  flow  area  is  shown  in  figure  4. 

The  model  was  sting  supported  and  connected  to  the  sting  by  a three- 
component  internal  strain-gage  balance  that  measured  normal  and  axial 
forces  and  pitching  moment.  The  balance  moment  center  was  located  at 
station  45  on  the  body  center  line.  Inlet  mass  flow  was  varied  by  means 
of  remotely  controlled  movable  tail-pipe  plugs  attached  to  the  sting. 

Pressure  instrumentation  consisted  of  19  total -pressure  tubes  and 
six  wall  static -pressure  orifices  in  each  diffuser  at  body  station  66.5, 
base-pressure  orifices,  chamber-pressure  orifices  located  in  the  model 
balance  cavity,  and  static-pressure  orifices  on  the  surface  of  the 
boundary-layer  diverter  wedges  of  one  inlet. 

Inlet  mass-flow  ratio  was  determined  from  the  diffuser-discharge  Mach 
number  and  average  total  pressure.  The  diffuser-discharge  Mach  number 
was  obtained  from  the  known  area  ratio  between  the  diffuser-discharge 
station  and  the  exit  plug,  which  was  assumed  to  be  choked.  Average  total 
pressure  was  calculated  by  area  weighting  the  total -pressure  measurements. 
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The  forces  resulting  from  the  change  in  inlet-air  momentum  from  free  ' 

stream  to  diffuser  exit  and  base  farces  resulting  from  the  difference 

in  base  pressure  from  ftree-stream  static  pressure  have  been  excluded 

from  the  model  force  data.  In  order  to  reduce  the  internal  duct  forces 

and  thereby  Improve  the  calculations  of  external  drag,  fixed  nozzle 

blocks  were  inserted  in  the  diffuser  exits  for  most  of  the  test. 

Diffuser-discharge  Mach  number  with  nozzle  inserts  was  maintained  at 
about  0.21,  thus  assuring  supercritical  inlet  operation  at  free-stream 
Mach  numbers  of  1.8  and  2.0. 

in 

N 

(O 

With  nozzle  inserts,  the  angle  of  attack  was  varied  from  zero  to 
10°  at  free-stream  Mach  numbers  of  1.5,  1.8,  and  2.0.  Far  three  closed- 
wedge  configurations  and  all  ducted-wedge  configurations,  inlet  mass- 
flow  ratio  was  varied  at  zero  angle  of  attack  over  the  same  Mach  number 
range.  Reynolds  number  varied  from  24x10°  to  30x10°  based  on  model 
length.  * 


RESULTS  AND  DISCUSSION  * 

1 

Variation  of  inlet  pressure  recovery  and  configuration  drag  with  ) 

inlet  mass-flow  ratio  is  presented  in  figure  5 for  the  three  closed - 
wedge  configurations  for  which  mass  flow  was  varied.  Pressure-recovery 
mass-flow  data  at  a diffuser-discharge  Mach  number  of  0.21,  obtained  f 

for  all  wedge  configurations  while  the  diffuBer-exit  nozzle  blocks  were 
in  place,  are  presented  in  figure  5 for  two  closed-wedge  configurations 
at  a free-stream  Mach  number  of  2.0.  For  all  other  configurations  and  * 

Mach  numbers,  nozzle-block  data  coincided  with  the  data  for  variable 
mass  flow.  Inlet  pressure-recovery  and  mass-flow  characteristics  were 
not  appreciably  affected  by  changes  in  the  wedge  angle  from  16°  to  60°  * f 

for  wedges  located  1 boundary-layer  thickness  aft  of  the  ramp  leading  ; 

edge  (s/5  of  l).  Configuration  drag,  however,  did  Increase.  Inlet 
pressure  recovery  and  configuration  drag  were  unaffected  by  a change 
in  longitudinal  position  of  the  60°  diverter  from  s/5  of  2 to  s/6  of  1.  ■ 

Nozzel -block  data  obtained  at  a diffuser-discharge  Mach  number  of  0.2,  j 

however,  indicated  a decrease  in  pressure  recovery  at  a free-stream 
Mach  number  of  2.0  when  the  60°  and  100°  diverters  were  placed  at  the 
inlet  ramp  leading  edge  (s/d  of  0) . Similar  adverse  effects  of  vedge 
position  on  inlet  pressure  recovery  at  Mach  numbers  of  1.5  and  1.7  are 
reported  in  reference  1 for  100°  diverters. 


Changes  in  the  shock  pattern  off  the  inlet  ramp  far  el 
diverter  angle  can  be  seen  in  the  schlleren  photographs  of  fipgfof.  6(a) 
and  (b).  For  the  longitudinal  positions  shown,  increasing  the« 
angle  appears  to  fora  disturbances  ahead  of  the  iz4§|  rirni, 
changes  in  inlet  performance  ware  observed  for  thspc^poAiff*^ 


0CiF^#$£AL 


v.-ijv 


NACA  RM  E54C23 


CONFIDENTIAL 


5 


A separated  flow  region  with  an  associated  oblique  shock  is  visible 
on  the  ramp  surface  in  the  photograph  of  subcritical  inlet  flow  (fig. 

6(a),  6 of  16°).  This  separated  flow  region  was  observed,  for  all  wedge 
configurations  investigated,  at  Mach  numbers  of  1.8  and  2.0.  It  is 
shown  in  reference  1 that  elimination  or  reduction  of  inlet  ramp  separa- 
tion can  improve  inlet  performance.  However,  reductions  in  pressure  re- 
covery for  the  improved  inlet  of  reference  1 were  greater  for  similar 
changes  in  boundary-layer  configurations  than  were  those  shown  for  the 
inlet  reported  herein. 

Pressure-recovery  - mass-flow  characteristics  for  all  ducted  wedges 
were  approximately  the  same  as  those  for  the  closed  wedges  for  values  of 
s/5  other  than  zero  (fig.  5).  Since,  however,  the  60°  included-angle 
closed -wedge  diverter  at  s/&  of  0 showed  reductions  in  pressure  re- 
covery previously  discussed  in  this  section,  some  improvement  is  apparent 
in  going  from  this  configuration  to  the  comparable  30°  half-angle  ducted 
wedge  in  the  same  position.  Figure  6(c),  which  shows  the  diverters  at 
s/6  of  1.0,  shows  a lesser  degree  of  influence  on  the  inlet  shock  pattern 
for  the  ducted  wedge  than  for  its  comparable  closed-wedge  diverter  though 
pres sure -recovery  - mass-flow  characteristics  for  these  two  configurations 
are  identical. 

Wedge  pressure  drag  coefficients  based  on  wedge  frontal  area  are 
presented  in  figure  7 as  a function  of  angle  of  attack.  The  values 
shown  on  the  curves  were  substantially  independent  of  mass-flow  ratio. 
Variations  in  wedge  pressure  drag  with  angle  of  attack  are  slight  com- 
pared with  model  total  drag  at  similar  angles  of  attack.  However, 
significant  pressure  drag  increases  are  noted  with  increases  in  wedge 
included  angle. 

In  figure  8 is  shown  a more  detailed  effect  of  wedge  included  angle 
on  model  total  drag  coefficient  (solid  curves),  together  with  a drpig 
breakdown  including  body  plus  inlet  drag,  and  body  plus  inlet  plus  wedge 
pressure  drag  (dashed  curves).  Model  total  drags  in  figures  8 and  9 were 
obtained  at  a diffuser-discharge  Mach  number  of  0.21  with  nozzle  blocks 
installed.  The  drag  of  the  body  plus  inlets  was  obtained  by  subtracting 
the  drag  increment  between  h/&  of  0 and  h/6  of  1.0  measured  for  the 
model  of  reference  3 from  the  total  drag  of  the  16°  wedge  configuration 
of  this  investigation.  The  dashed  curves  were  obtained  by  adding  the 
measured  wedge  pressure  drag  to  the  drag  of  the  body  plus  inlets.  The 
drag  Increment  between  the  dashed  and  solid  curves  represents  the  sum 
of  the  wedge  friction  drag  and  all  other  pressure  and  friction  drags 
resulting  from  the  radial  translation  of  the  inlets  from  h/6  of  0 to 
h/6  of  1.0. 

The  pressure  drag  of  the  16°  wedge  is  negligible  compared  with  the 
total  drag  of  the  model.  Wedge  friction  drag  plus  translation  drag 
decreases  with  Increasing  wedge  single . If  the  translation  drag  is 
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assumed  to  be  small,  the  relative  proportions  of  wedge  pressure  and 
friction  drag  are  comparable  with  those  presented  in  figure  8 of  ref- 
erence 2.  Increases  in  wedge  included  angle  fVom  16°  to  60°  resulted 
in  increases  in  total  drag  of  9 to  15  percent.  Only  slight  increases 
in  total  drag  were  obtained  for  increases  in  wedge  angle  above  60°. 

Since  increases  in  diverter  wedge  angle  increased  the  model  drag  and 
decreased  to  some  extent  the  inlet  pressure  recovery  at  the  higher  wedge 
angles , it  appears  gerodynamically  desirable  to  keep  the  wedge  diverter 
angle  at  or  near  16  . 

A comparison  of  model  drag  coefficients  for  the  closed-  and  ducted- 
wedge  configurations  is  presented  in  figure  9.  The  higher  drags  for  the 
ducted  wedges  are  probably  caused  by  increases  in  friction  drag  due  to 
the  greater  wetted  surface  area.  A comparison  of  closed-  and  ducted- 
wedge  diverters  of  60°  included  angle  in  the  forward  position,  s/6  of  0, 
indicates  a higher  pressure  recovery  for  the  ducted  wedge  at  a free- 
stream  Mach  number  of  2.0  and.  slightly  higher  drag,  at  least  for  the 
lower  Mach  numbers.  For  comparable  closed-  and  ducted-wedge  diverter 
angles  at  s/6  of  1.0,  no  difference  in  pressure  recovery  was  noted 
though  drags  for  the  ducted-wedge  diverters  were  again  slightly  higher. 
For  the  inlet  of  reference  1,  however,  ducted  wedgeB  showed  improvements 
in  inlet  pressure  recovery  over  closed-wedge  configurations  of  similar 
wedge  angles  yet  no  measurable  differences  in  drag  were  observed. 


SUMMARY  OF  RESULTS 

An  investigation  was  conducted  to  compare  performances  of  several 
wedge-type  boundary-layer  diverter  systems  at  Mach  numbers  from  1.5  to 
2.0.  The  following  results  were  obtained: 

1.  Increases  in  boundary-layer  diverter  angle  from  16°  to  60° 
and  100°  resulted  in  Increases  in  total  model  drag  of  9 to  15  percent. 
Some  decrease  in  inlet  pressure  recovery  with  increase  in  wedge  angle 
was  noted  at  the  higher  diverter  angles  in  their  forward  position.  It 
thus  appears  aerodynamically  desirable  to  keep  the  diverter  wedge  angle 
at  or  near  16°,  while  higher-angle  wedge  diverters  should  be  located 
with  their  leading  edges  aft  of  the  inlet  ramp  leading  edge  to  avoid 
adverse  effects  on  inlet  pressure  recovery. 

2.  For  the  ducted  wedges,  slight  Increases  in  drag  were  apparent 
over  most  of  the  comparable  closed-wedge  diverters  with  slight  Increases 
in  pressure  recovery  over  comparable  closed-wedge  diverters  located  at 
the  inlet  rasp  leading  edge. 


Lewis  Flight  Propulsion  Laboratory 

National  Advisory  Ccsmlttee  for  Aeronautics 
Cleveland,  Ohio,  Marsh  19,  1964 
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Figure  2.  - Boundary- layer-removal  wedge  configurations.  (Dimen- 
sions are  In  Inches.) 
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Included  angle,  16° 


Included  angle,  40° 


Included  angle,  100° 


(a)  Cloaed  vedgee.  Longitudinal  wedge  position  a/d  of  2. 


Inoluded  angle,  16°  Included  angle,  60° 


Cb)  Cloaed  wedgea.  Longitudinal  wedge  position  e/d  of  1. 


Cloaed;  included  angle,  60°  Ducted;  half  angle,  30° 

(c)  Closed  and  ducted  wedges.  Longitudinal  wedge  position  s/d  of  1- 

figure  6.  - Scblleren  photographs  of  several  diverter  configurations.  Free-etream  Mach 
number,  2.0;  zero  angle  of  attack. 
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(b)  JVee- stream  Mach  number,  1.8. 


(c)  Tree -stream  Mach  number,  2.0. 


Figure  8.  - Effect  of  wedge  angle  on  diverter  component  drags. 
Diffuser-discharge  Mach  number,  0.21;  zero  angle  of  attack. 
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